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ABSTRACT  
 
Introduction: To assess the effectiveness of the Google GLASS as a vital 
signs monitor in a surgical setting and identify potential uses.  
Methods: This prospective, observational and comparative study recruited 
novice (n=24), intermediate (n=8) and expert urologists (n=5). All candidates 
performed a procedure on the GreenLight Simulator within a simulated setting 
using a standard vital signs monitor and then the Google GLASS. The time 
taken to respond to abnormal vital signs during both sessions was recorded. 
A quantitative survey was used to assess the usability and acceptability of the 
Google GLASS surgery. 
Results: The majority (84%) of participants responded quicker to abnormal 
signs with the Google GLASS compared to a standard monitor (p = 0.0267). 
The average simulation score during a standard-monitor and GLASS-session 
scored to be statistically insignificant (p = 0.253). All parameters of simulation 
were also similar in both sessions including average sweep speed (p = 
0.594), average blood loss (p = 0.761) and average grams vaporised (p = 
0.102).  
Discussion: Surgical performance between both sessions was similar and 
not hampered by the use of Google GLASS. Furthermore, 81% of candidates 
stated the GLASS was comfortable to wear during the procedure.   
Conclusion:  This study has demonstrated that head-mounted displays such 
as the Google GLASS are potentially useful in surgery to aid patient care 
without hampering the surgeons view. It is hoped that the innovation and 
evolution of these devices triggers the potential future application of such 
devices within the medical field.  
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INTRODUCTION 
 
With consumer demands on the increase for technological devices to become 
more innovative and hands-free, we are presented with the ‘Google Glass’ 
(Google, Mountain View, California), a wearable device mounted on glasses, 
designed to display smartphone-like information on a screen whilst allowing 
users to remain hands-free. It has demonstrated usefulness in various fields 
including surgery [1, 2], electrocardiography (ECG) monitoring [3, 4] and as a 
teaching and training tool [5, 6].  
 
A potential use of the Google GLASS is monitoring vital signs during surgical 
procedures. Although no specific study has been conducted into the use of 
the Google GLASS as a vital signs monitor, various studies have 
demonstrated positive results for the use of Google GLASS and other head-
mounted displays to monitor various parameters such as ECG [3, 4]. The 
results of these studies indicate that the GLASS along with a zoom and pan 
software (VitalCom, VitalMedicals, California, USA) was non-inferior to 
interpreting ECGs on paper. This raises the idea that Google GLASS can 
potentially allow medical professionals to monitor several parameters of 
patient vital signs, during a surgical procedure.   
 
This study aims to assess the feasibility and acceptability of the application of 
Google GLASS within a surgical setting. The primary aim of the study is to 
determine whether the Google GLASS increases the awareness of patient 
vital signs and whether such devices are intrusive or detrimental to the 
surgeon’s direct or peripheral vision and technical performance.  
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SUBJECTS AND METHODS 
 
Study Participants 
This is a prospective, observational and comparative study, which recruited 
participants from various institutions in the United Kingdom (KCL, KCH, 
GSTT), who were divided into Novices (medical students; n=24), 
Intermediates (Urology Surgical Trainees; n=8) and Experts (Consultant 
Urologists; n=5).   
 
Study Design Process 
Novices performed a training session prior to monitored sessions, followed by 
a 20-minute laser prostatectomy on the previously validated GreenLight 
Simulator [7] (Boston Scientific, Marlborough, MA, USA) using a standard vital 
signs monitor, which was manipulated to represent events in surgery such as 
a falling blood pressure, oxygen saturations and other parameters. All 
deteriorations were manipulated to occur in the presence of the participant 
and with the times at which they occurred varying between sessions. This 
session was followed by another 20-minute session using the Google GLASS 
to monitor vital signs. Users were not provided with feedback between 
sessions. Intermediate and expert candidates performed the same procedure 
but within 10-minutes (Figure 1).  
 
Sessions were conducted within a validated full immersion simulation surgical 
environment, with an anaesthetists and scrub nurse present to simulate 
scenarios [8, 9]. After completion of both sessions, subjects completed a 
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quantitative survey which included basic demographics and previous 
experience, opinions on the Google GLASS and its usability within the 
surgical field.  
 
Performance Evaluation  
Time taken for participants to respond to abnormal vital signs in both 
scenarios were recorded. Following completion of the procedure, an instant 
performance evaluation report is generated by the simulator, to provide 
objective results. The overall score is based on task-specific metrics such as 
average sweep speed, amount vaporised, blood loss and anatomical 
structural damage. These parameters were recorded to determine the effect 
of the Google GLASS on surgical performance. Furthermore, the average 
heart rate of participants during both sessions was also recorded using the 
Polaris watch (Polar Electro, Warwick, UK).  
 
Outcome Measures 
The outcome measures of the study were (1) time taken to respond to change 
in vital signs, (2) effect of Google GLASS on technical performance, provided 
by the simulator, (3) effect of Google GLASS on non-technical performance, 
assessed by measuring average heart rate in both sessions, and (4) the 
acceptability and feasibility of using the Google GLASS during surgical 
procedures. 
 
Statistical Analysis 
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Statistical analysis was performed using GraphPad version 6.0 (Prism, La 
Jolla, California, USA).  Comparison between novices, intermediate and 
expert candidates in standard monitor and Google GLASS sessions along 
with survey response were analyzed using the non-parametric Mann-Whitney 
U test. A p-value of <0.05 was considered statistically significant in both tests. 
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RESULTS 
 
Demographics 
This study recruited 37 participants, comprising of 24 Novices, 8 
Intermediates and 5 Experts. Medical students from various London medical 
schools were recruited as novices. Intermediate group consisted of urology 
trainees and experts were consultants who had performed an average of 
2000 cystoscopies and 900 laser prostatectomies and 825 average 
GreenLight prostatectomies.  
 
Response Time to Change in Vital Signs 
A significant proportion (84%) of participants responded to abnormal vital 
signs quicker when performing the simulated operation for the second time 
using the Google GLASS, with 100% of experts responding faster on the 
second operation. The average response time to abnormal vital signs with a 
standard vital signs monitor was 51.5 seconds (95% CI 41.8, 61.25) 
compared to 35.5 seconds (95% CI 24.9, 46.0) with the Google GLASS 
(p=0.0267). Figure 2A highlights the range of values that were obtained, for 
the standard monitor (Interquartile range [IQR], 13-107 s) compared to the 
GLASS (IQR 4-115 s). No false positives or false negatives were recorded 
during any of the scenarios.  
 
Technical Performance 
Overall global simulation score for novice (mean: 177), intermediate (mean: 
314) and expert (mean: 420) participants were assessed (Figure 2B) 
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demonstrating a statistically significant difference between novices and 
intermediates (p=0.0038) and novices and experts (p<0.0001). Global score 
comparison between intermediates and experts was not statistically significant 
(p=0.13). Sweeping is a vital parameter in performing a GL prostatectomy. 
During standard monitor sessions, participants had an overall higher 
sweeping speed (mean: 7.49 mm/sec) compared to the GLASS session 
(mean: 7.151 mm/sec; Figure 3). Furthermore, participants who found the 
GLASS distracting had higher blood loss during sessions when using it 
(Range: 0.3-25.7 mL) compared to using a standard monitor (Range: 0.4-19.0 
mL). However, despite this, the mean blood loss was lower when using the 
GLASS (mean: 3.66), compared to a normal monitor (mean: 4.16). All 
parameters of simulation were also noted to be similar in both sessions 
including average sweep speed (p = 0.59), average blood loss (p = 0.76), 
average grams vaporised (p = 0.102) and average laser distance from the 
tissue (p = 0.55). A total of 45 injuries were identified during scenarios, with 
verumontanum injuries occurring the most (n = 36). Of these, 24 injuries 
occurred whilst wearing the GLASS compared to 12, when using a standard 
monitor.  
 
Participant Heart Rate 
Participants’ heart rates (HR) were constant whilst using a standard monitor 
(Mean: 84 bpm [beats per minute]) and the Google GLASS (Mean: 80 bpm). 
Subjects further reported no anxiety or nervousness responses on the survey. 
 
Acceptability & Feasibility 
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A significant majority of novices (79%), intermediates (75%) and experts 
(80%) agreed that the Google GLASS increased their awareness of vital signs 
whilst 71% of novices, 75% of intermediates and 100% of experts agreed that 
they would like to use the GLASS in another surgical procedure in the future. 
The majority of participants (75.7% [95% CI 58.8, 88.2]) agreed that the 
Google GLASS increased their awareness of vital signs compared to a 
standard vital signs monitor. When participants were asked to provide their 
opinion using the Google GLASS, 81% agreed the Google GLASS was 
comfortable to wear during the procedure, and 68% stated they would like to 
use the Google GLASS in this procedure again. 
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DISCUSSION 
 
Advances in technology have revolutionised medicine; from simple wearable 
devices, targeted to aid patient fitness, to more complex devices such as the 
Google GLASS [10-12]. The use of head-mounted displays (HMDs) have 
previously been demonstrated within the medical field [13], but due to poor 
specifications and often obstruction of the peripheral vision, have failed to 
make a significant impact.  
 
This study has investigated the use of the Google GLASS within surgery and 
whether such devices affect technical performance. The results show a 
statistically significant correlation (p=0.0267) between the use of Google 
GLASS and detection of deteriorating vital signs. Although monitoring of vital 
signs is primarily the responsibility of the anaesthetic team, surgeons are also 
concerned with such parameters. The use of this device can, in theory, allow 
surgeons to focus on the surgical site without having to discuss vital signs 
with anaesthetists or leaving the attention of the surgical field to refer to 
another monitor elsewhere within the operating room. Furthermore, such a 
device may also prove to be extremely useful by the anaesthetic team, 
ultimately contributing to patient safety.  
 
Using the Google GLASS had no effect on technical skills, as reflected by the 
overall simulation score of all candidates between the two simulation 
scenarios in novices (p = 0.33), intermediates (p = 0.64) and experts (p = 
0.64). Furthermore, there was no significant statistical difference between 
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various parameters such as sweeping speed (p = 0.59), average blood loss (p 
= 0.76), average grams vaporised (p = 0.10) and average laser distance (p = 
0.55). The average heart rate during both sessions was also similar (p = 
0.77). The overall simulation score along with various parameters allows 
reasonable extrapolation to state that using the GLASS would not impact the 
surgeon’s operative performance. As such, not only could the Google GLASS 
be used as a vital signs monitor, it could potentially be used for other 
purposes such as viewing imaging during surgery. Furthermore, it can also be 
used as a tele-mentoring device to teach and monitor surgeries across 
different countries. Other studies have also highlighted uses in the nursing 
field such as regular vital signs monitoring and early identification of patients 
at risk of potential deterioration [15].  
 
The overall performance when using the Google GLASS, in comparison to the 
standard monitor, was higher in 62% of participants. This may be attributed to 
experience gained in the previous session. The mean simulation score for 
standard monitor sessions was 162 compared to 192 with the GLASS (p = 
0.253) indicating surgical performance between both sessions was similar and 
statistically insignificant.  
 
Despite all the advantages reported, there are also drawbacks with using the 
Google GLASS as a vital signs monitor. Participants who already wear 
glasses reported that it was uncomfortable to wear the GLASS over their 
regular spectacles. Furthermore, battery issues with the current GLASS 
means that it would require re-charging every 2-3 hours, making it impractical 
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for use in its current form. Moreover, due to design limitations, the GLASS can 
only have the optical device in front of the right eye; users who are left handed 
reported significant discomfort with this design specification. 
 
As with any study, there are limitations to the current study. Intermediate and 
expert candidates were only recruited for 10-minute simulation sessions due 
to time constraints. Hence, they were unable to complete a full prostatectomy 
procedure. Furthermore, as the GLASS sessions were after the standard 
monitor, we cannot rule out any learning curve in between sessions, it is also 
likely that individuals eased into sessions and hence felt more comfortable 
during the second half of the study.  
 
Several areas of future work are possible; this study has demonstrated the 
use of using HMDs in surgery for vital signs monitoring. It would be interesting 
to repeat this study to obtain a full set of recordings of participants between 
using the Google GLASS and standard monitor in order to assess any 
difference in psychological ability or awareness of peripheral surroundings. 
Furthermore, to repeat the current study in a real operating room during 
surgical procedures would be a great addition, however ethical approval 
would be required. The Google GLASS has various potential to thrive within 
the medical field, as highlighted by survey response from experts in the 
current study. It has the potential to be used in medical education such as for 
tele-mentoring.  
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CONCLUSION 
 
The Google GLASS is one of the first HMDs, which has the design 
specifications to allow use without obstructing direct and peripheral vision. As 
highlighted by this study, such a device can prove to be beneficial for use in 
the operating room such as increasing awareness of patient vital signs, as 
accepted by candidates of various levels of experience. Although this study 
highlights potential future use of such technology, the current version of the 
Google GLASS may not be the ideal device for application due to its cost and 
battery issues. Nevertheless, as technology evolves, we can be sure to 
anticipate the use of such devices within the medical field to improve patient 
care.  
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FIGURE LEGENDS 
 
Figure 1: Study process 
Figure 2: (A) Vital signs response times (P=0.0267) and (B) Difference 
between novices vs intermediates (p=0.0038), novices vs experts (p<0.0001) 
and intermediates vs experts (p=0.13). 
Figure 3: Parameters from Simulation sessions: Sweep Speed (p=0.594), 
Blood Loss (p=0.761), Grams Vaporised (p=0.102) and Laser Distance 
(p=0.547) 
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HIGHLIGHTS 
- The use of head-mounted displays (HMDs) have previously been 
demonstrated within the medical field  
- The majority (84%) of participants responded quicker to abnormal signs with 
the Google GLASS compared to a standard monitor  
- Surgical performance between both sessions was similar and not hampered 
by the use of Google GLASS. 
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